Introduction

44
The human hand represents a prehensile tool that enables us to interact with our environment 45 through a complex repertoire of sophisticated movements (Clement, Bugler, & Oliver, 2011) .
46
The sensory structure of the hand contains a high density of mechanoreceptors that provide 47 haptic feedback regarding the geometric properties of a grasped object (Brand, 1985) , 48 enabling fine control of grip forces and the detection of grip slippage (Cohen, 1999) . It is 49 therefore no surprise that the loss of a hand and its subsequent disruption to eye-hand 50 coordination can significantly impact the ease with which day-to-day activities are performed demands high levels of attention during grasping activities, leading to a high conscious 57 burden for users (Carrozza et al., 2001 ) and high rejections rates of these types of devices 58 (Williams & Walter, 2015) .
59
To understand the challenges that an amputee faces when attempting to relearn these 60 skills it is worth examining the role that vision plays in the development of eye-hand playing a proactive and sequential role in supporting the performance of tasks of daily living.
72
For example, Land et al. (1999) found that the eyes often move onto a subsequent 'to-be-
73
grasped' object about half a second before manipulation of a current object is complete. In 74 effect, they are able to disengage visual attention from action as soon as another sense (i.e., 75 proprioception) can take over from it. Therefore, the development of eye-hand coordination is 76 characterised by an early reliance on visual information to guide hand movements and object 77 manipulations that relinquishes to more proprioceptive modes of control as the eyes start to 78 precede hand movements and coordination develops (Sailer, Flanagan, & Johansson, 2005) .
79
Therefore, when an individual suffers an amputation and is fitted with a hand 80 prosthesis it is likely that the previously acquired sensorimotor mapping rules related to the 81 control of their anatomical hand are lost or become redundant. Consequently, an amputee 82 may be forced to reinvest in primitive control processes resulting in a corresponding reliance 83 on vision to monitor and control prosthetic hand movements. Vision then reverts from a 84 feedforward to a feedback resource (Sailer et al., 2005) and is used to supervise on-going 85 actions as opposed to planning future actions ahead of time. In fact, previous research has 86 found support for this disruption to 'normal' eye-hand coordination in studies exploring 87 skilled tool use and prosthetic hand use.
88
For example, in laparoscopic surgery tasks -a skill that is similar to prosthesis use as strategies of individuals when using their anatomic hand compared to when using a prosthetic 96 hand. In their study, anatomically intact participants devoted more of their attention to the 97 hand and grasping critical areas when using a prosthetic simulator than when using their 98 intact hand during a discrete carton-pouring task. Additionally, they made more saccadic 99 transitions between areas of interest when using the prosthesis simulator, reflecting more 100 erratic and novice-like gaze behaviour (Hermens, Flin, & Ahmed, 2013) . In a study Furthermore, as these studies have been limited to single object reach and grasp activities it is 115 unknown how visuomotor control is utilised during more difficult tasks that require greater 116 levels of fine motor control. Therefore, to further understand the disruption to eye-hand 117 coordination in prosthetic hand use then more detailed information is needed regarding the 118 RUNNING HEAD: GAZE AND PROSTHETIC HAND USE coupling of hand and eye movements as they support successful task execution in actions 119 requiring high levels of dexterity.
120
The aim of the present study was therefore to explore the disruption to eye-hand 121 coordination during prosthetic hand use in a sequential task requiring fine motor control. We 122 hypothesized that participants' performance would be significantly slower compared to when 123 using their anatomical hand. We further hypothesised that these impairments would be 124 underpinned by two specific disruptions to the spatial allocation and temporal orientation of 125 visual attention. First, we predicted that when using the hand prosthesis participants would be 126 significantly more hand-focused throughout all phases of the task, reflecting more fixations 127 dedicated to guiding the hand or objects being manipulated by the hand (Bouwsema et The prosthesis used in this study was the Bebionic™ (Steeper) fully articulating 147 myoelectric hand with multiple pre-programmed grip positions. In order to fit able-bodied 148 participants, the hand was attached to the end of a carbon fibre trough in which participants' 149 forearm and fist was positioned and fastened with Velcro straps (Fig 1) . Like most (Fig 1) . Specifically, participants were required to place their hand on the hand mat 168 at the start of each trial, and at a time of their choosing, begin the trial by pressing the button 169 on the timer. Once pressed they were required to sequentially drag each coin to the edge of 170 the table in order to pick them up before dropping them in the jar. Once all coins had been 171 dropped in the jar they were required to re-press the trial timer button to end the trial and 172 replace their hand on the mat. If a coin was dropped during the trial the participant was asked 173 to move on to the next coin while a researcher replaced the coin that was dropped. 
Target Locking Strategy
219
To provide an indication of efficient gaze control, we adopted a "target locking 
225
For the present study, fixations made towards the hand, or objects being manipulated by the 226 hand, were considered "hand-focused", whereas fixations towards the target object of a 227 current movement phase were considered "target-focused". For example, fixations towards 228 the coin would be considered "target-focused" during the 'reach' phase, but considered 
Gaze shifting
232
In order to examine the temporal sequencing of gaze behaviour we measured the time Interrater reliability from a sample of 50 coins revealed 98% agreement. (anatomic vs prosthetic) as the between-subjects factor and AOI (Hand, Button, Coin, Jar,
250
Hand mat, Other) as the within-subjects factor. For TLS, a 2 x 6 repeated measures ANOVA 251 was also performed with hand condition as the between-subject factor and task phase (B1,
252
Reach, Drag, Lift and drop, B2, Hand return) as the within-subject factor. For the gaze 253 shifting measure a 2 x 4 ANOVA was performed with hand condition as the between-subject 254 factor and transition between task phases (button to coin, jar to coin, coin to jar, jar to button) 255 as the within-subject factor. Finally, linear regression analysis was then carried out to explore 256 if disruptions in TLS of gaze shifting were significant predictors of performance.
257
Where sphericity was violated, Greenhouse-Geisser corrections were applied. Effect all other phases (ps < .001; Fig 4) . took significantly longer to shift gaze from button to coin than from jar to button (p < .001).
318
No further significant differences were found (ps = 1.00; Fig 5) . 
Regression Analysis
320
Linear regression analysis revealed that the measure of gaze shifting was a significant 
Discussion
324
This is the first study to explore the spatiotemporal disruption to eye-hand 325 coordination when using a myoelectric prosthetic hand in a sequential fine motor task. We 326 predicted that when using a prosthetic hand simulator, participants would exhibit significantly 327 poorer performance and that this disruption would be underpinned by disruptions to the 
346
Results from our TLS measure indicated that participants directed significantly more 347 visual attention to the hand (lower TLS) throughout every movement phase of the task whilst 348 wearing the prosthesis (Fig 4) . Specifically, participants scored significantly lower TLS greater levels of dexterity and fine motor control.
370
In terms of the temporal orientation of gaze our data show that when using their 371 anatomic hand participants were able to fixate upcoming targets approximately 45ms before 372 manipulation of the previous object was complete, aligning with previous research that has 373 showed how haptic information enables the disengagement of gaze (Land, 2009 ). The in gaze shifting also occurred in the absence of a manipulation, they also reflect the need to of gaze was sensitive enough to be a significant predictor of task performance.
441
To conclude, the present study clearly shows that the early stages of prosthetic hand phase whereas a negative time reflects a gaze shift before a manipulation has been complete. gaze was fixated on each of these AOIs. Finally, the bottom two rows indicate whether the fixations 607 towards these AOIs were deemed as either hand-focused or target-focused. 608
